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Abstract
The current military budget restrictions create a need to explore alternative ways of training aircrew members. The purpose of this paper is to examine the benefits of simulator integration in Air Mobility Command (AMC) as an alternative training method.
The initial discussion is the mandate by the Undersecretary of Defense for Acquisition and Technology to convert all DoD simulators to High Level Architecture (HLA). Converting simulators to HLA enables them to interact seamlessly, providing crews the benefit of Distributive Mission Training (DMT). After presenting the current AMC flying hour and simulator program, an explanation and analysis is provided. Next, a notional flying time savings is proposed followed by the obstacles and advantages to substituting simulator time for actual flying time. Finally, the research concludes that not funding HLA/DMT in the FY00 POM was a mistake. There are a few technological obstacles that need to be solved before DMT will be fully functional. However, was consideration given to budget lead times of 5 to 7 years? This must be weighed against Moore's Law which states that micro technology will double every 18 months at the same price. When the obstacles are solved, DMT promises to provide better, more efficient training at a significant cost reduction. Because DMT can provide better prepared crews for combat, the progress of DMT must be followed closely to determine if and when it becomes a viable training method.
Introduction
Interactive simulators allow training to be more efficient and effective at a significant cost reduction. Perhaps the biggest benefit of this new simulator technology is mission rehearsal. The ability to practice real-world missions in an exact replicated environment will reduce the fog and friction of combat operations while better training the crewmembers. While there exist technological obstacles that need to be solved before simulator integration can become a reality, this program has support from very high ranking officials. and to establish a background in aircraft operating costs. Next, the current AMC simulator program will be analyzed. After the flying and simulator programs are discussed, a potential flying hour savings will be proposed. Next, the obstacles and advantages to simulator integration will be examined. Finally, an overall examination of the data and a conclusion will be drawn. Additionally, periodic upgrade training is done for normal job progression. This includes the training required for co-pilots to upgrade to become first pilots and for first pilots to aircraft commander. It also includes the upgrades to instructor and/or evaluator status.
Notes

AMC's Flying Hour Program
The second aspect, test time, is flying time reserved to fly an aircraft for the purpose of testing equipment that has been replaced and needs to be checked in the air. The third aspect of TTF time, ferry time, is the flying time needed to fly aircraft to and from Depot maintenance facilities for major repairs and inspections.
Not all continuation flying is done in flight. Some continuation training has been moved into the simulator because of their increased capabilities. The simulators that meet specific criteria, FAA level C+ discussed in the next chapter, enable enough realistic training for crewmembers to credit those training events in the simulator. An example would be that two of the four pilot proficiency flights can be logged in the simulator. As simulator technology improves, more and more training can be executed there. However, the technology that exist in the current AMC simulators limits the amount of training that can be moved, including any training that requires the interaction between two or more aircraft. For example, technological limitations don't allow for air refueling training or formation flying to be conducted in AMC simulators. One of the promises of DMT is to overcome that obstacle and move all training into the simulator.
By integrating simulators, safer more efficient training can be accomplished at less expense. The cost difference between operating a simulator at $500 an hour and the cost of flying the aircraft is a major advantage to DMT. Table 1 details the programmed flying time costs in FY00 for each of the major weapon systems in AMC. This price is set to fully recover all costs associated with the aircraft. As indicated, there is a tremendous price differential between a simulator and the aircraft.
FY00-Estimates
C-5 C-17 C-141 KC-135 KC-10
Cost per Training flying hour $ 14,400 $ 9,000 $ 7,400 $ 2,175 $ 9,000 Specifically, is more equipment needed, and how is AMC going to pay for it?
The first question AMC faced after DMT was mandated, was whether to start from simulators that would be converted, the total program cost is about $175M. This includes the testing required, the improvements in data base storage and other expenses.
This large bill combined with other mandates led AMC/CC to decide not to fund DMT in the 00 POM. This raises the question, why isn't DMT paid for in the same manner that the simulator upgrade program was paid for? As previously mentioned, AMC has not eliminated their training hour program. In fact, even with the simulator upgrades, crewmembers still maintain proficiency in 50% of their regular requirements and 100% of their air refueling, airdrop and formation flying requirements in the aircraft.
These are the very training events that could be moved into the simulator if DMT was fully implemented. There is tremendous amount of savings to be made by moving those training events into the simulator (see training time in Table 2 ). Does that mean all flying will be done in the simulator? The answer is probably not. AMC still needs to fly their TWCF program to support their customers. The contingencies and the channel missions will still need to be supported and tanker crews will still need to air refuel their customers.
How is simulator capacity effected? According to Lt. Col. Cost, AMC/DOTA, the simulators are designed with a 98% reliability rate with a usage of 20 hours a day, 355 days a year for total of 6,958 hours available per year. But, the statement of work (SOW)
usually calls for a maximum of 16 hours a day for only 251 days. This results in 4,016
hours available under contract but the typical usage rate is only 3,500 hours. This leaves an additional 500 hours (2 hours a day) under the current SOW for additional training.
Additional DMT requirements would exceed those 2 hours a day. Rewriting and renegotiating the SOW along with additional simulators would be required to meet the additional requirements. Now that the simulator and flying time programs have been examined, let's examine the potential flying time savings that could occur if DMT was fully implemented and worked as promised.
Notes
Potential Flying Hour Savings
This chapter will analyze the potential cost savings to AMC if they fully implemented DMT. The intent of this chapter is not to give a perfect solution to the problem, but to give the readers an approximate understanding for the potential monetary savings that DMT provides. First, let's quantify the flying time numbers used.
Today, there exist several obstacles to full DMT implementation. Those obstacles will be covered in the next chapter. Also realize that the flying time numbers that are used are only a good estimate of the program at the time of the paper's construction.
Estimates are used because of the dynamic changes in training requirements during the Planning, Programming, and Budgeting System (PPBS), effecting the flying time allocation. Along with training requirement changes, funding of the flying time is also changed throughout the PPBS process. Thus, the flying time numbers in the tables below reflect the best estimates available. Tables 3 through 6 show the training time programmed for 4 of the AMC aircraft.
The C-141 program is not shown, due to its scheduled retirement and the C-130 flying time program, as stated earlier, has not transferred from ACC. Also, the data for the KC-10, KC-135, and C-5 is for FY00 only, because the data for FY01 -FY05 is the same. The C-17 is still a growing major weapon system and the increase in flying hours and Primary Aircraft Assigned (PAA) are shown in Table 6 along with the pilot growth.
C-5 Training Hours
As the tables show, the continuation training time represents a large amount of the flying hours and dollars. The 57,350 KC-135 hours in Table 4 is 86% of the total flying hour program. The 27,572 KC-10 hours is 76% of the total program while the 4,258 C-5 hours and the 5,369 C-17 hours are only 10% of their overall program. To get an idea of the dollar amount, take the KC-135 hours and multiply it by the dollar amount given in Table 1 (57,350 simulator. This is an important point, because training isn't being reduced. AMC already trains to the minimum necessary to maintain crewmember capabilities. However, as stated earlier, flying a $500 an hour simulator is more economically feasible than a $14,400 C-5 aircraft. As the upgrades to the tanker simulator progress, more events will be moved there. A percentage of takeoffs, instrument approaches, landings, and unit specific sorties will be moved, as they were in the C-5 program. Now let's examine the impact and events that could be moved from aircraft into the simulator with DMT implementation.
To get an estimate on the dollar impact of moving events to the simulator, let's first examine how the flying time is determined. Table 4 shows that for FY00 the KC-135 cell formation is programmed for 833 hours. This number is determined by taking the number of pilots (238) multiplying the flying time it requires to accomplish the event (1 hr) and then multiply the number of events required per pilots per year (7). Finally, you multiply any other conditions that might exist. In this case, only 50% of the time is allocated, because 2 pilots get credit for that event at the same time (the aircraft commander and the co-pilot). So 833 hours is determined by 238 crews x 1 hr x 7 events x 50% credit. Now that a background has been covered on how the flying timetables are set-up, let's take a hypothetical look at what events can realistically be accomplished in a DMT simulator. Table 7 The KC-10 programs shows a one-third reduction in tanker and receiver air refueling and transition, along with a 50% reduction in cell formation and unit specific training sorties. This produces a 5,952 hour flying time reduction and when multiplied by $9,000
C-5
From At the bottom of Table 7 , the C-17 program reduces a third of the airdrop hours, all of the Red Flag hours and half of the ORI hours for a total of 1,020 hours. Multiply the 1,020 hours by $9,000 per hour and the total C-17 savings is $9.181 million. The total savings in flying time for the four programs equal $94.4 million in ONE year. Are these realistic numbers? Even if the reductions were figured at 25% instead of percentages used above, total savings to the flying hour program exceeds $40 million a year. The total HLA conversion will cost AMC $175M. Even at the 25% cut rate, the program would pay for itself in less than 5 years. So why did AMC decide not to fund this project and why aren't more military units embracing this technology? One big problem is that there is no proof that flying AMC simulators together will produce effective training. There are several other obstacles that will be covered in the next chapter. But, if solutions are found to these problems, the cost savings potential is tremendous. Other factors to consider are the savings in aircraft parts. As the utilization of the aircraft is reduced, mission reliability rates increase, saving on replacement parts and increased time between major repairs. Eventually, joint exercises will occur in the synthetic battlespace, thus reducing TDY costs and the wear and tear on equipment.
Finally, readiness is increased through a more realistic environment that doesn't impose peacetime restrictions. While this all sounds good, there are some major hurdles that need to be overcome before we get to the point where we are conducting exercises in cyberspace.
Chapter 5
Obstacles to Simulator Integration
There are three main obstacles to fully implementing DMT. The first has already been discussed, the initial costs of converting the simulators. The other two problem areas exist in technological support and pilot perceptions. Until all three of the obstacles are resolved, AMC will not realize the full benefits of DMT. Since the funding issue has been covered in Chapter 4, let's analyze the technological and the perception problems.
While the DMT program has many benefits, today it is not a supportable program from a technological point of view. The first obstacle is a phenomenon called latency.
DMSO defines simulator latency as "The time required for a device to begin physical output of a desired piece of data once processing is complete." 1 In simpler terms, latency means the time for a computer to take a data input and make something happen. For example the pilot turns the yoke, and the computer turns that data into an output, such as the picture outside the cockpit turning as the pilot turns that yoke. In the modern simulator, this latency is so quick a pilot can't perceive it. However, when two simulators are interacting together latency becomes a problem. To illustrate, when two aircraft simulators are flying in formation and one simulator initiates a turn, it takes time for that input to go from the turning aircraft into the computer, process, then go out to both display screens. If both simulators are located in the same building, the latency is barely perceivable. However, the goal of DMT is to integrate simulators, not only when co-located but also with those separated by thousands of miles. The time it takes for a piece of data to go from a simulator at Charleston AFB, NC into the computer, then out through the Run Time Infrastructure (RTI), into a computer at Travis AFB, CA then projected on the simulator screen, is a lot longer than the same piece of data traveling across a building. Latency is also a problem for simulated actions between two simulators that occur in very close proximity in cyberspace. During air refueling, the latency can be so bad between the simulators, even when co-located, that the receiver pilot can't accurately locate the tanker aircraft's boom. A possible solution to the latency problem is what an AT&T representative calls a "faster-than-real time" RTI. The idea that the data can travel faster than the real time it takes to see the action, is years away from being developed and waiting for a technology breakthrough, but is being explored.
Another obstacle that needs to be overcome is the physical limitation on the amount of information that can be transferred at any one time. If you have ever logged onto the internet and waited for your favorite web page to open, you've experienced the limitation of inadequate bandwidth. There exists today a physical limit on the amount of data a phone line can hold and transfer at any one time. The massive amounts of data that will need to be exchanged in a full-scale battlefield exercise are beyond the physical limitations of any telephone or data lines in use today. There are a couple of efforts being developed to be able to handle increased capacity. The good news is that the internet would benefit from this new technology, so there is a commercial application and interest to improve the data transfer rate. One of many possibilities is the use of satellite technology. Direct TV uses this technology today, and transfers data at 400Kbps. This is 28 times faster than the average modem and 3 times faster than the fastest ISDN (Integrated Services Digital Network) connection available today. One major drawback to using the Direct TV satellite dish is that as of today, they receive signals but they cannot transmit. Therefore, you still have the problem of physical line limitations when you want to send data, because you are still relying on a telephone line.
A third technical obstacle that needs to be addressed is the issue of network security.
As information distribution becomes more and more relevant, security of our information systems becomes very important. Tactics can't afford that luxury if we are going to keep our technological superiority. New and inventive ways to conduct our business are required. This means "thinking outside the box" on how best to train our crewmembers. However, this isn't as easy as it sounds.
Because of the technological problems mentioned above, and because of their own experience flying simulators in the past, many pilots, including the senior pilots making the budget decisions, do not believe that a simulator can accomplish everything that DMT promises. The problem with previous simulators is that they don't act or feel exactly like the aircraft. Because earlier simulators were technologically limited, pilots had to perform differently in the simulator to overcome those limitations. This is referred to as negative training, which means the pilots are learning to fly the simulator, not the aircraft.
Also, until recently, the visual systems for the military simulators have not been very good. Two of the problems included a limited quality of texture and the second being inadequate visual acuity. This caused the images outside the cockpit to look out of focus and fuzzy. The pilots couldn't acquire the accurate hands-eye coordination required to fly aircraft. Add in the fact that some major weapon systems are just now getting motion on their simulators. The KC-135 for example has never had motion. How can a senior pilot who has never flown a simulator with motion or seen a FAA level D visual system be convinced that a simulator is as good as the aircraft? The answer is through education and a strict certification system. AMC already has a certification process established.
The challenge is to create a set of criteria that details the performance of the simulator to a specification that is acceptable to the pilots, both in the field and on the staff.
In conclusion, there are many obstacles to DMT. Some technological breakthrough's are required to support the DMT program. However, even if the technology limitations are solved, the biggest obstacle may be the perceptions of the pilots who are also the AF decision-makers. If they truly believe that they can't get valuable training from simulators, then the DMT program will never get started. Conversely, if these obstacles can be overcome and the simulator performance meets pilot expectations, there are several advantages that can be realized from a full DMT program. These advantages will be discussed next.
Notes
Chapter 6
Advantages to Simulator Integration
The use of simulator integration to provide Distributive Mission Training (DMT) for crewmembers has numerous advantages. Using simulators is less expensive, more efficient, safer, more challenging. By using the aircraft less for training you increase the mission capability rate of the aircraft. While the monetary savings potential was covered in Chapter 4, this chapter will address the other benefits of DMT.
DMT should be important to AMC for the main reason that it will train the crews better than flying in the aircraft. Primarily this is because none of the safety restrictions that are imposed in flight need to be imposed in the simulator. This lets the crews actually practice the skills required for wartime fighting, instead of having to adhere to safety restrictions placed on them in peacetime. By incorporating air-to-air and groundto-air threats during a mission, crews can actually practice the maneuvers needed during combat to avoid those threats. This will give the crewmembers a realistic experience.
The simulator system will also give the crew immediate feedback on their performance, both good and bad. By using a full DMT simulator, crews will be able to practice more demanding missions, without experiencing unacceptable risk. More demanding emergency procedures could also be accomplished, especially those requiring more than one aircraft, such as emergency air refueling.
Training is more efficient in an integrated simulator. Typically during a mission there is time that is not being fully utilized. An example is the time it takes an aircraft to go from takeoff and fly to his air refueling track. The simulator is more efficient because it has the capability to reset to any geographic point desired. Flexibility is also inherent, since you may or may not choose to fly that drone time. Multiple approaches and landings can be accomplished in the simulator faster and more efficient because you don't have to worry about sequencing with other aircraft. But, again, the flexibility of the simulator allows you to put traffic in your profile if you choose. This would be important for a new copilot who is trying to learn how to pace himself in the traffic pattern.
Another advantage to increased usage of the simulator is that the decrease in flying time would increase the mission capable rate of the aircraft by reducing its utilization rate. If the aircraft aren't flown as much, major repairs are stretched out over a longer period of time and the demands on parts and repairs would decrease thus another money savings area.
However, the greatest advantage of DMT is the contribution of mission rehearsal.
Prior to a deployment, a humanitarian operation, or even a limited to full scale conflict, crews can go to the simulator and practice the mission they are going to fly. If a C-5 crew wants to practice approaches into Somalia, or if a B-1 crew wants to practice a bomb run into Libya, the capabilities of DMT enable crews to practice the actual mission before they "have to do it for real". Even more complex training can occur if two B-1 crews in cell formation needed to practice a bombing mission, prior to the actual mission.
Add in their air refueling with a KC-135 (either simulated or by a 135 simulator actually being flown at the same time) and you can see not only the flying cost savings, but improved training capabilities. The realism of the mission is provided by the capability to send a satellite over a desired area, take photos, download them into the data base, and then have the updated actual environment for the crews to practice in. By having the ability to practice those wartime missions in the exact area, is a tremendous advantage.
Whether it is the decrease in anxiety because the crew is in familiar territory or the advantage of practicing different techniques to see which ones work and which ones don't allows the warfighter an advantage that his enemy doesn't. The advantage of experiencing the fog and friction of war, before it really happens would be invaluable. In a time of limited budgets, the U.S. military needs to use every advantage possible to ensure our crews are properly trained for the next conflict.
Conclusions
In conclusion, the mandate of all DoD simulators to be HLA compliant, which produces DMT, is a very controversial one. While the vision of Gen. Fogleman was to find the very best way to keep our crews trained efficiently, the services are left to find the money to pay for this vision. All of DoD has to weigh the advantages and disadvantages of DMT, and determine the best course of action at a time where money is tight.
There are numerous obstacles for AMC to overcome before they can fully implement DMT. First, finding a $175 million to convert the simulators in an already under-funded budget, is required. However, even if funding was identified, some technological breakthroughs are still needed. Those obstacles include finding solutions and alternatives to the physical limits found in the phone lines used today. Latency between simulators is a problem yet to be solved. Security of the RTI network used to interfaces simulators is even a larger issue. The military is not going to perform operations that may give away national security secrets. Finally, if all the physical limits are overcome, there still remains reluctance with pilots who may or may not understand the capabilities that this new technology brings to simulators.
There are also numerous benefits that can be gained from DMT. While it is true that DMT costs a lot, it will save more money in the long run, through reduced flying time.
More importantly, crewmembers will be able to get more and better training in less time.
This will allow our crewmembers to keep the superiority we enjoy today by improving our training. The advantage of mission rehearsal contributes to this better training. The idea that the DMT simulator can give an accurate and exact replica of any terrain anywhere in the world for crewmembers to train in provides for the most realistic training ever experienced. The practicing of techniques and procedures to determine which ones actually work and don't work will result in lives saved. Imagine how improved our crew's performance could have been during the Libyan bombing raid if they could have practiced their mission prior to the actual execution.
In conclusion, to not support DMT with any funding is a serious mistake on the part of AMC for two reasons. First, there is little evidence that consideration was given to "Moore's Law", named after Gordon Moore chairman of Intel Corp. He has found that data storage of a microchip will double every 18 months at the same price. Not only has this been true for the last 30 years, but Moore expects it to be true for the next 20 years.
The decision to not fund DMT was made in the spring of 1998. This was reflected in the FY00 POM, which involves the years 2000 through 2005. In the next 2 to 7 years time frame, technology will have doubled 5 times. Some of the obstacles will be solved during that time frame.
Second, the biggest advantage to DMT is mission rehearsal. The ability to practice combat missions in an exact replicated environment will reduce the fog and friction
